Production of Polyglutamate (PGA) biopolymer by immobilized Bacillus licheniformis strain-R was intensively investigated. Preliminary experiments were carried out to address the most suitable immobilization methodology. Entrapment of Bacillus cells in alginate-agar led optimal PGA production (36.75 g/l), with 1.32-and 2.18-fold increase in comparison with alginate-or K-carrageenan-immobilized cells, respectively. During semicontinuous cultivation of agar-alginate gel-cell mixture, production of PGA by 10 ml mixture was increased from 2 nd to 3 rd run whereas, increased till the 4 th run using 15ml mixture. Adsorption was the most suitable immobilization technique for production of PGA and the sponge cubes was the preferred matrix recording 43.2 g/l of PGA with the highest cell adsorption. 
interest in a broad range of industrial fields such as food, cosmetics, medicine, plastics, oil recovery and water treatment (7, 11, 25, 30, 39) .
For a broad application, the cost of bio-products is one of the main factors determining the economics of a process.
Reducing costs of biopolymer production by the use of immobilized cells is one of the basic researches for industrial application. Although immobilized cells have received a lot of attention in production of various bio-poroducts, it is not possible to make a general statement about the behavior of microorganisms in gel matrix or adsorbed on support material. The use of immobilized bacillus cells for production of a broad range of bioproducts e.g. amylase, CGTase, prednisolone and applying fluidized and fixed-bed bioreactors, has been reported (10, 13, 22, 32, 38) .
Interestingly, other researchers have shown that polysaccharide biopolymer can be produced by immobilized bacteria, however production of PGA biopolmer by bacteria was rarely investigated. Anselmo et al., studied the production of xanthan gum in immobilized cultures of Xanthomonas campestris, the immobilization was held using adsorption on three different vegetables (3) . West and Strohfus studied the production of pullulan by spongeimmobilized Aureobasidium pullulans ATCC 42023 cells that was used 3 times for pullulan production (44) .
Aureobasidium pullulans cells were immobilized by adsorption on various solid supports and by entrapement in polyurethane foam for repeated reuse in pullulan biosynthesis (28) .
The objective of this study was to investigate the possible production of PGA biopolymer by immobilized Bacillus licheniformis strain-R. Preliminary experiments have been conducted to address the most suitable immobilization methodology that can be used for PGA production. The choice of the most suitable supporting matrix used for immobilization was also investigated. Special emphasis was given to the semicontinuous production of PGA in fixed-bed bioreactor using Bacillus licheniformis cells adsorbed on sponge. To our knowledge, this is the first report provides insight for possible production of PGA biopolymer by application of different immobilization techniques.
MATERIALS AND METHODS

Microorganism
The Bacillus strain used throughout this study was isolated from an agriculture farm in ABIS rectorate in Egypt, characterized by previous history of fertilizer's use, as previously described (6) . 
Fermentation and PGA production
The bacterium was allowed to grow in 50ml aliquot of nutrient broth medium composed of (g/l): Peptone, 5 and beef extract, 3 and NaCl, 3, dispensed in 250ml Erlenmeyer flask and incubated at 37°C for 12h at 120 rpm. 1% inoculum of the overnight culture was used to inoculate the basal salt production medium of the following composition (g/l): bioreactor, the fermentation medium was decanted at the end of four days incubation period, and fresh medium was added under aseptic conditions.
Growth and PGA determination
During fermentation process growth was estimated as OD at 600 nm and PGA was determined in culture supernatants after clarifying cultures by centrifugation. For recovery, PGA biopolymer was precipitated by the addition of 2 volumes of ice-cold ethanol 95% and separated by centrifugation at 5,000 rpm for 20 min in a cooling centrifuge then dried at 60 o C to constant weight in a weighed vials (4, 5, 40) .
Production of PGA by B. licheniformis
Measurement of relative viscosity
Polyglutamic acid (PGA) is a water soluble highly hygroscopic white powder, leading to highly viscous solutions even at low concentrations (33) . In this study, the relative viscosity of the culture filtrate, after cell removal, was measured using a conventional Ostwald viscometer at 30 o C (37, 42) . The apparent relative viscosity δ (app) was determined as follows: 
Entrapment in K-Carrageenan
Cells were entrapped in K-carrageenan under sterile conditions as described by Wada et al. (43) . About twenty ml cell suspension containing an equal cell inoculum as that used for the preparation of alginate beads were added to 80 ml Kcarrageenan solution (3 g/80 ml of the desired concentration) previously autoclaved and kept in water bath at 40 o C. The solution was well mixed and 10ml fractions were introduced dropwise with sterile syringe into 100 ml of well-stirred 2%
KCl solution. The hardened gel particles (about 3mm in diameter) were isolated from the KCl solution and washed several times with a sterile physiologic solution (0.85% NaCl), then transferred aseptically to 50 ml of the cultivation medium.
Entrapment in agar
The gel was prepared by dissolving 2g agar in 80 ml water. After sterilization, about 20 ml cell suspension was added and mixed well (at about 45.50 o C). 10 ml of this mixture were aseptically poured into a Petri-dish. After solidification, the gel was cut with a sterile cutter into small cubes of about 0.5 cm in length that was subsequently transferred to 50 ml of the cultivation medium.
Immobilization of B. licheniformis cells by adsorption
Two ml cell suspension was added to the Erlenmeyer flasks containing 50 ml sterilized culture medium and sponge cubes (about 20 cubes), luffa pulp, pumice and wood (about 20 particles). The flasks were incubated in a rotary shaker (120 rpm) at 37 o C.
Trickle Flow Column bioreactor
The trickle flow column used in the present work consisted of a glass tubing (75 cm long and 3 cm inner diameter). The column was connected by a quick fit to a reservoir (250 ml conical flask). The column was filled with adsorbent granules for adsorption and 4% cell solution was used to inoculate the support. After adsorption of cells on the packed support-matrix approximately 200 ml of the mineral medium was recycled through the support by the aid of a peristaltic pump at a flow rate of about 120 ml/h or 240 ml/h.
The column was also aerated with a sterile air pump from the upper part of the column at a flow rate of about 0.21l/min.
RESULTS
Production of PGA biopolymer by entrapped B. licheniformis strain-R cells
Different gel materials namely; Na-alginate, agaralginate, k-carrageenan and agar were used for immobilization of Bacillus licheniformis cells by entrapmet.
The gel-cell beads (or cubes) were used to inoculate 50 ml production medium. Results shown in Table 1 licheniformis strain-R cell suspension, at the end of incubation period PGA was determined. Results recorded in Table 2 indicated that cultures containing adsorbed cells on sponge cubes and luffa pulp showed an optimal cell adsorption as well as PGA production. However, PGA was not detected in cultures containing adsorbed cells on wood pieces and pumice particles. Although, cultures containing luffa pulp as solid support exhibited the highest PGA production (50.4 g/l), even higher than that of free cultures, however cultures containing sponge cubes as solid supports exhibited the highest cell adsorption. shown) till the 3 rd run, in which the polyglutamate production and relative viscosity reached 37.5 g/l and 2.4, respectively. 
